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Table 1. The list of flume data
Researcher dso or dm T, H/d Reference
Guy H,P,, 0.054¢en 003~ 4.5 330~485
Simons D,B, 0,047 012~ 1.6 200~719 10)
Richardson E,V, 0.033 006 ~ 3.2 440~480
0.032 004 ~ 6.0 480~704
0.093 002~ L1 108~337
0045 003~ 1.8 180~575
0027 0.04 ~ 6.5 435~1,117
0.019 0.04 ~ 6.0 480~1,700
Gilbert 00305 009 ~ 1.2 57~204
0.0506 03 ~ 13 70~187 9)
0.0494 001~ 017 5~24
0.7010 005~ 021 7~22
0.317 007 ~0.19 7~27
0.494 0.08 ~ 0.32 9~34
0.171 008 ~ 045 13~100
00786 017 ~ 091 21~160
0.0506 022~13 30~330
00375 010~ 177 30~597
Water Way Experimen-| 0.05 8 6 0.025~0.139 29~167
tal Station 0.0541 0.03 ~0.21 40~232
00525 0.03~023 43~360
0.0506 003~ 0251 39~317 27)
0.0483 003 ~ 0.286 38~350
0.0347 008~ 041 105~460
0.0304 0.03 ~ 041 48~390
00205 003 ~ 0924 111~1,016
004077 | 005~ 0082 14~38
Sten R,A, 0.0 4 028 ~ 3.26 228~762 22)
Williams G,P, 0135 0045~0.71 18~166 28)
Nordin C,F, 0.114 0043~1.1 225~797 19)
Kikkawa H,, 1 0.058~0.124 14~45
Fukuoka T,,Baba T,, 3 006 ~ 0.1 65~10 15)
Kono F, 5 0.067~0093 5~7




Table 1, (cqntinued)
A Researcher dso or dm T, H/d Reference
8 Kinoshita R, 0.038 e | 002~09 6 ~ 56
0.124 003 ~05 5 ~ 21 16)
0.17 002 ~045 5 ~ 16
0.5 0.08 ~0.15 2 ~ 3
00765 0.08 ~ 034 8 ~ 12
9 Iguchi S. 0.23 002~ 027 26 ~ 13
0.045 005~ 0.6 8 ~ 58 12)
0.335 007 ~0.14 7 ~ 34
0.05 013 ~0.33 26 ~ 75
10 Ikeda H, 0.055 0.063~0.21 5 ~ 23
0.033 017~042 16 ~ 41 13)
0.029 002 ~ 034 4 ~ 89
11 Sato S, 0.1 04 003 ~025 186~ 306
Kikkawa H, 0.221 003 ~0.32 48~179 20)
Ashida K, 0.2 62 003 ~0231 74~193
0.376 003 ~016 48~ 125
0.458 003 ~0093 42~92
12 Willis J.C, 0.01 080 ~3.2 1,000~3700
Coleman N,L, 29)
Ellis W.N,
13 Lausen E.M, 0.011 063~ 15 692~2,750
0.004 1.3 ~ 3.1 2890~5,132 17)
14 Agi K. 0.0 22 0.006~0552 50 ~ 681 1)
16 Tanaka Y, 0.091 016 ~15 40 ~ 89 24)
16 Tamai N, 0.15 0038~0156 35 ~ 18
. ,Nagas& T, 0.076 00220223 2 ~ 33 23)
Mikuni T, | |
17 | ‘Fukami C, 0.031 019~038 | 125~293 31)



Table 2. The list of field data
#1a Researcher River Location d ca T, H/d Referenée
18 j Culberton J,K,|{ Rio Grand ' [Calisteo 0.04 0.6~8.7 244~3,600 - 6)
Dawdy D,R, Angestura 0.039 1.1~1.2 11300~1,550
Casa Colorado] 0.024 1.06~3.5 | 2,080~6,300
Rio Puerco 0.024 0.75~5.2 | 1,240~7,900
San Antonio 0020 06 0~24 | 1,800~7,200
19| Hubbell D,W, Middle Loup|Dunning 003 04~1.7 250~1,050 11)
Matejka D,Q, ~004
20| Jordan P,R, Mississippi|St.Louis 0019 05~2.4 | 8,800~56,000 14)
~0078
21| Colby B.R, Niobrara Cody 0028 0.6~4.0 | 1,000~4,000 3)
22| Beckman EW, Elkohorn Waterloo 0025 052~20 | 1,600~8,300 2)
Furness L,W,
23| Nordin C,F, Rio Grande |Bernalillo 0019 055~239] 1,200~4,700 18)
~0037
24| Shastri V.S, Missouri Omaha 002 1.3~2.1 9,000~24,000 21)
Sayer W,W,
25| Yamamoto K, Tone Kawamata 0042 0.3~23 1,100~2,700
Mefukibashi 0035 1.2~20 | 5,000~27000 30) -
Fukawa 0.035 1.2~23 . ;4,000“23,000
26 Do, Watarase Hayakawad‘a 006 (elrsrfz;,?((:)) 3,000~11,000 Do,
27 Do, Kokai Kawdmata 0.0565 0.8~1.9 | 5,000~11,000 Do,
28 Do. Kinu Hirakata 0.060 1.5~4.0 | 5000~14,000 Do,
29 Do, Kitakami | Tomebashi 0.063 085~1.6 | 8,000~9,000 Do,
30 Do, Ibi Imaobashi 0.03 ~0.05| 095~23 | 8,000~23,000 De,
31 Do, Nagara Nanno 0.046~0.13! 0.1~18 | 1,000~12,000 Do,
32 Do, Hii Othu 0.09 ~028/0.05~20 | .50~1,600{ Do,
33 Do, Shinano Teisekibashi 0045 |007~13 | 6,000~9,000 5 Do,
34 ‘ Do, | Abukuma Iwanuma 0.07 0.05~1.3 600~6,500 Do,
35 Do, Kitakami |Nodabashi 010 0.1~042| 390~1,280 Do,
36 Do, Yahagi Hina 0.2 0.06~1,7 300~1,800 Do,
Iwathu 02 0.6~1.56 | 1,000~2,000
37 Do, Yodo Maikata 0.16 0.3~1.0 | 1,800~4,300 Do,
#M25~37 Almost velocity was measured by float method
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Figure 22. Condition for generation of alternate bars
(Alternatire bars occure within the dotted lines)
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Channel width

Chezy C, which is equal to Um/J/HIe

Particle size expressed as a diameter or the geometric mean diameter
of a size range

Effective diameter of the bed material mixture (the particle size of
uniform sediments) and equal to Xdi;, for bed sediment of a range of

sizes

Particle size for which 50 percent of the material by weight is finer
Froude number, which is equal to Um/ /Zﬁr_

The gravity constant

Mean water depth

Energy slope

Bed slope

Water surface slope

Fraction by weight of bed sediment in a size range

Characteristiec roughness size of bed

Bed load discharge per unit width in terms of volume of sediment per
unit time

Hydraulic radius

Grain Reynolds number, which is equal to u,d/v
pPs — POn

Specific weight of sediment in water, which equal to y
w

Shear velocity and equal to [gHIe

Mean velocity of a cross section

Mean velocity at a distance y above bed
Fall velocity of the sediment particle
Kinematic viscosity .

Density of the sediment particle

Density of the fluid

Nondimensional shear stress , which is equal to u,’/sgd

Velocity coefficient, which is equal to Um/u, and to C/ /g

The turbulence constant
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Table 1. Harrison A.S.
Report on Special Investigation of Bed Sediment Segregation in a Degrading Bed

Univ. of California,Series /4 33 Issue 4 1 1950
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’ jﬁ B vm Esti— ¢b HS LS u T qs H AZ Active bed
Q H Ie dm da7é“ qs mated | by * *m laye |{Configu—
! Ein— lation
2/s | o o e/ s em | s | @b |stein| o cn cn/s Uude |/ dm | cn =
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K 2 BEHOWY R & Section 254 o Ao NP EE, BIFHELVWELL bhbDT
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ORI REDIERMEL D, 2 A DL OICRPLARBRLAMERALAIDOTD D 50,
SRBAPORRLITI 2bIH, RBPOREAHE L ILoTELAIDOh, LA LOMN
MeBKT 200, KB CERBPORMEL EA % HEATHETD Y, ThREBREROK
HBELDIIZBENND 200 HEECRY T 2LEND S5,

BEAGE, KBRFNORBRoORRMEL W C L tHEis L, BETE drLwdERTHIK
Lo THRRECHLET A A% 5 v F A RBBRT 50 BRVWEEL TV A EREOBAE, N
BANMIVOCRBRT 20U0AERACECHLV, RERKEALASHBHE, BMSELH%L, L
hCRBEIBE L2, HRCEL 2 CTHLPA TR ARBRERN Y bAKLAVWA DK, RERHKX
HEBEORACFHKDERM T L0 HEeB 3 ORI 5B A2 VO KM,

H2) EHEALMT) +AFRBENY 14168, P49 IKH\h cWash load 2 —RIKEDIT
WAHEH LFAMRIK, KorosrkRBLA,

Wash load #h ORBHXENUTOLBRCHET LT HkB T, & KWash load &%
ZAINDLBHAMb > T, KRR LPEBHET 2 L2 CHETLTW L 5 2 Hib,

L Ladt, coRBRBBIEAREL 2V, Wash load H—BICEAEOEE— I
(AR UF, 2% bBHMAS L UBER 1 b NEOAIWHEP TS b, 22 KWash load &
#&éh%i@ﬁ%ﬁkmbof%,ﬂﬁkﬁbbwuh1%dﬁﬁ®%ﬁ¢bb#ﬁb6ﬁho
oibﬂﬁwﬁbath1mdmﬁﬁ,éﬁws¢5%éﬁ$émmf,mﬁ§,Lmﬁaoﬁ
BRICOEL < HEKICHD 5Wash load A &BET 24, £HC A0 2MANAIOT, B
ARBECOEMERBLTUL 5 ¢ EARBORBLE k>0 TH 2, |

Einstein H.A. &Ning Chien) i, cot s 4RO KHALTHA,

This does not imply, however, that‘:theré‘exists also a definite relati-
onship between rate of transport and fl':bw‘f"or the »wash load” in a river
reach, as in "the ‘case of ~bed material ;l‘oad”. In order to understand this,
it should be realized that the rate of AtranSp.ort‘(de'noted by QT) is LrA‘é]a‘ted
to not only on tha flow (denoted i)y Q),but also ‘on the amount of material
available in the bed (denoted by ib) .The interrelationships between these
three factors are shown in the following schematic figures for both the

#bed material load” and the #wash loadx,

#»Bed matertal load~ . ~ #Wash load~r .

Q—-——‘-—--‘-ib . S Q — "ib

’ N / B : . R - . \ :»/ i
J Ny

ey reira i




The direction of arrow leads from cause to effect; a solid arrow implies
a strong and immediate cause-effect relationship, and a dotted arrow means
a weak and slow relationship,
Q - iy
Bed Material Ldad:‘“ﬁth constant supply from upstream,particles set-
tle on the bed when flow is small and scoured from the bed when flow
is large, However, since there is an abundance of this kind of mater-
ial available in the bed, ip will not be materially affected by changes
taking place in the bed due to the variation of the flow.
Wash Load: These particles are available at the bed surface in rather
limited amounts, A change of flow will cause considerable difference
in the amount of this small part of the bed material,
i, — Qp:
Bed Material Load: For this part of the load,a very large amount of
material in the bed supports only a comparatively small fraction of the
same material in motion.It is the amount of the material in the bed
Which controls the amount of the same material in motion,
Wash Load! A very small amount of material in the bed corresponds to
a much larger amount of the same material in motion.,It is the amount
_of -the material in motion which controls the amount of the same mater-
ial in- the bed,
Q - Qg
Bed Material Load: Since the amount of material available in the bed
is not materially affected by the change of flow and rate of load, it
can be regarded as a constant,at least for some length of time. This
leaves only two véfiables,Q aha QT.‘Therefore there exists a unique
relationship between the rate of transport of bed material load and
the flow,

Consider a channel with capacity Q;, under flow conditions Q and
bed ib. Suppose for some repson,,@he_incoming load becomes QT' instead
of Q. Then the bed will be scoured if Q5 Q, and will be built up if
QT<ZQT’. 1f the reach is long enough for sufficient material to be

'anaiﬂﬁblebiﬁgthe~bed,.and 1f the duration~of<QTfis relatively short,
‘then. it-h'e,;'-tezx'npdrary degrading of aggrading of the bed will not affect




incoming load.

—

]
[

Q, Flow Q _\‘mgftgoing load
I
l7777‘777777777; o
Bed iy
Capacity Q,

the amount and composition of the bed material to any significant ex-
tent, The outgoing load of this reach,therefore,will remain Qq, the
capacity of the reach, In other wor ds, for a certain flow condition
Q, there is only one equilibrium rate Qg .
Wash Load: The amount of this part of the material at the bed surface
changes with the varjation of flow and rate of load., Since there is no
way to predict what this part of the bed material will be at .any
moment, a unique relationship between flow and rate of transport does
not exist unless the supply of such matérial follows such a relation-
ship for other reasons.

‘Again, consider a channel with c¢apacity QT<under flow condition Q
and bed i, If the incoming load changes to Q; , then the same aggrad-

ing or degrading of the bed,

1 ==

incoming load

' I
Q,’ I Flowa v butgoing load

| T QT” )

77 .

“original bedfib
capacity Qpunder Q and i

will result, This change of 'bed wi 1l represent a considerably larger

change of ib in a very short time,  adjusting the bed composition:to

-~




Q' . The outgoing load of this reach will no longer maintain the
capacity Q, under the original bed ib’ bed rather assumes a new value
Q;" . Which is not much different the incoming load Qf . In other
words, the rate of transport of wash load of this reach not only de-
pends on the flow, but also depends, to a larger degreec, upon the
material available from the upstream watershed,
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